Purpose Non-Hispanic Blacks in the US have lower rates of major depression than non-Hispanic Whites, in national household samples. This has been termed a ''paradox,'' as Blacks suffer greater exposure to social stressors, a risk factor for depression. Subgroup analyses can inform hypotheses to explain this paradox. For example, it has been suggested that selection bias in household samples undercounts depression in Blacks; if selection is driving the paradox, Black-White differences should be most pronounced among young men with low education. Methods We examined Black-White differences in lifetime major depression in subgroups defined simultaneously by sex, age, and education using data from the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC) and the Collaborative Psychiatric Epidemiology Surveys (CPES).
Introduction
Studies using nationally representative samples of noninstitutionalized adults in the US have consistently reported a lower prevalence of major depressive disorder (MDD) in non-Hispanic Blacks compared with non-Hispanic Whites [1] [2] [3] [4] . Unadjusted odds ratios for lifetime prevalence differences range from an estimated 0.53 [4] to 0.62 [1] . For more recent diagnostic time frames (i.e., past 12 months and past month), this pattern persists, but with attenuated effect sizes. Importantly, never in these studies do Blacks have a higher prevalence than Whites.
The persistently lower risk of depression in Blacks compared to Whites in the US poses a critical challenge to our understanding of the social determinants of health. MDD is among the psychiatric disorders thought to be particularly vulnerable to stressors [5] [6] [7] , and empirical evidence demonstrates that Blacks in the US are exposed to more stressors, both acute and chronic, than Whites [8] [9] [10] [11] [12] [13] .
All else being equal, it stands to reason that Blacks would have a higher prevalence of MDD than Whites. The failure of epidemiologic data to support this expectation has been called counterintuitive and a paradox [14] [15] [16] [17] .
Although several methodological and substantive explanations have been discussed to interpret this paradox [15, [18] [19] [20] , definitive evidence for any is lacking. Tests of existing hypotheses have yielded conflicting results [21] [22] [23] or have not been borne out [14] . Given these results, additional, novel hypotheses should be pursued.
A critical step in the process of testing and refining extant hypotheses as well as developing novel explanations is to establish the full extent of the paradoxical racial patterning across socio-demographic subgroups. Stratumspecific estimates that do not parallel those found in an overall estimate suggest needed refinement of global theories and sometimes point to developing entirely new theories. Conversely, stratum-specific estimates that do parallel those found in the overall estimate indicate that explanatory theories for the paradox would have to postulate mechanisms that operate equally across subgroups.
Analyses of ethnic subgroups defined by nativity status have shown that the influence of race or ethnicity on mental health outcomes is potentially contingent on the degree of socialization in the United States [24] [25] [26] [27] . Subgroup comparisons can also be used to advantage when interpreting the Black-White depression paradox. For example, an artifactual explanation posits that rates of depression among Blacks are underestimated in major psychiatric epidemiologic studies due to selection bias [15, [28] [29] [30] . Estimates of MDD from household samples exclude institutionalized populations (e.g., the incarcerated, the homeless, and those living on military bases), which have higher rates of depression than household samples [31] [32] [33] [34] [35] [36] . As Blacks in the US are more likely to be institutionalized than Whites [37] [38] [39] [40] , household samples may disproportionately underestimate depression among Blacks [15, [28] [29] [30] . Definitive tests of this hypothesis would require extensive data on Black-White differences in depression among institutionalized populations. However, if selection processes are an important driver of the overall paradox, the underestimate in depression should be especially pronounced among the subgroups most likely to be institutionalized. Thus, younger Black men with low socioeconomic status (SES) would be more impacted by undercounting than Black women and/or older Blacks and/or higher SES Blacks, given that young Black men are disproportionately likely, for example, to be incarcerated [38, 40] .
To date, the few studies that have examined subgroup differences in MDD between non-Hispanic Blacks and Whites have not reported results from statistical tests of these differences [1, 4, 41] . Other studies have compared Black and White subgroups on either disorder classes (e.g., mood disorders) rather than specific disorders [2] , or have used distress or symptomatology measures as outcomes, not psychiatric disorders [42] . A fairly consistent finding across studies using either major depression or mood disorders as the outcome is that in virtually all defined subgroups, Blacks had lower levels of disorder than Whites. For example, Blazer et al. [1] found a lower prevalence of lifetime major depression in Blacks compared with Whites in all subgroups defined simultaneously by age and gender. In bivariate subgroups characterized by a wide range of socio-demographic variables, Williams et al. [4] found that African-Americans consistently had a lower prevalence of lifetime major depression than Whites. Finally, Breslau et al. [2] found that Blacks' lower prevalence of lifetime mood disorders, compared with Whites, persisted across age-of-onset, cohort, respondent education, and parent education categories, and across subgroups cross-tabulated by age-of-onset and cohort. These studies contribute to our understanding of the extent of racial differences in mental health outcomes, but they do not sufficiently address the question of interest to us here because they lack the power to produce robust estimates across granular subgroups or they do not focus specifically on MDD, the outcome where the ''paradox'' has been most pronounced.
Using data from the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC), we use the largest nationally representative data source currently available to examine racial differences in major depression simultaneously stratified on three critical axes: sex, age, and education. This large sample size allows for sufficient power in these granular subgroups to obtain robust estimates. We replicate these analyses in two data sources from the second largest psychiatric epidemiology study conducted to date in the US, the Collaborative Psychiatric Epidemiology Surveys.
Materials and methods

Study population and data
Data for our primary analysis are from the 2001-2002 NESARC study, conducted by the National Institute on Alcohol Abuse and Alcoholism (Bethesda, MD, USA). The survey used a civilian, noninstitutionalized sample of adults 18 and older living in households and group quarters, including military off-base housing, boarding houses, rooming houses, non-transient hotels and motels, shelters, facilities for housing workers, college housing, and group homes in all 50 states. The sampling frame was based on households in the Census 2000-2001 Supplementary Survey and group quarters in the Census 2000 Group Quarters Inventory. Face-to-face interviews were conducted with 43,093 respondents with a survey response rate of 81 %. Blacks, Hispanics, and young adults (ages 18-24 years) were oversampled, and data were weighted to adjust for oversampling and household-and person-level nonresponse to represent the US population not living on military bases in the 2000 census in terms of region, age, sex, race, and ethnicity. Additional information on the study can be found elsewhere [3, [43] [44] [45] .
The present sample includes individuals who self-identified as being born in the US, non-Hispanic ethnicity, and White (n = 23,162) or Black (n = 7,556) race. We excluded those born outside the US because the patterns of depression are different among foreign-born Blacks and Whites [25, 46] and, with foreign-born Blacks comprising 6 % of the US Black population [4] , the paradox of interest has been documented using samples that are primarily USborn blacks or those identifying as African-Americans.
Data for our replication analysis are from the National Comorbidity Survey Replication (NCS-R, n = 9,282) and the National Survey of American Life (NSAL, n = 6,082), which are two of the three Collaborative Psychiatric Epidemiology Surveys studies conducted between 2001 and 2003. We excluded the third study because it excluded our study populations. Both the NCS-R and NSAL drew their samples from the noninstitutionalized US population, ages 18 and older, in the 48 contiguous states. The NCS-R sample was nationally representative and the response rate was 73 % [46] . The NSAL sample was nationally representative of those selfidentifying as African-American and without ancestral ties to the Caribbean. A supplementary Afro-Caribbean sample of Blacks identifying a Caribbean ancestry was obtained from areas with higher Afro-Caribbean residential density. The overall response rate in the NSAL was 72 % [4] . The NCS-R and NSAL are described in greater detail elsewhere [47, 48] . Similar to our analyses of the NESARC sample, the included NCS-R and NSAL respondents were those who self-identified as US-born non-Hispanic Black (n = 4,717) and non-Hispanic White (n = 7,577).
Measures
Sex. The NESARC study included 17,671 women and 13,047 men. Sample sizes in NCS-R/NSAL were 7,147 and 5,147, respectively.
Age. We created four age groups based on self-reported age: 18-29 (NESARC n = 5,409; NCS-R/NSAL n = 2,572); 30-44 (NESARC n = 8,911; NCS-R/NSAL n = 3,924); 45-64 (NESARC n = 9,716; NCS-R/NSAL n = 3,809); [64 (NESARC n = 6,682; NCS-R/NSAL n = 1,989).
Education. In both datasets, we categorized education in the following tertiles based on self-reported highest education level achieved: less than a high school diploma (NESARC, n = 4,351; NCS-R/NSAL, n = 2,130), high school diploma (NESARC n = 9,374; NCS-R/NSAL n = 3,995), and education beyond a high school diploma (NESARC n = 16,993, NCS-R/NSAL n = 6,169).
Major depressive disorder. NESARC assessed MDD as defined by the Diagnostic and Statistical Manual IV (DSM-IV) using the Alcohol Use Disorder and Associated Disabilities Interview Schedule-DSM-IV Version (AUDA-DIS-IV), a structured lay interview. Diagnoses were made in both lifetime and past-12 month time frames. As reported in greater detail elsewhere, test-retest reliability of the AUDADIS-IV for MDD in the NESARC sample was good (12-month MDD j = 0.59; lifetime MDD j = 0.65) [44] and clinical re-appraisals demonstrated fair agreement (j = 0.64-0.68) [49] with psychiatrists' diagnoses.
The NCS-R and NSAL assessed DSM-IV MDD using the World Mental Health Survey Initiative Version of the World Health Organization Composite Diagnostic Interview (WMH-CIDI). As with the AUDADIS-IV, the WMH-CIDI assesses MDD using trained lay interviewers conducting face-to-face structured diagnostic interviews. In the NCS-R, concordance between the WMH-CIDI and a follow-up clinician-administered Structured Clinical Interview for DSM-IV was considered good for lifetime diagnosis of Major Depressive Episode (j = 0.59) and fair for 12-month MDE (j = 0.40) [46] . In the NSAL, the concordance for 12-month MDE between these two diagnostic interviews was lower than in the NCS-R (j = 0.34) [4] .
Analytic strategy
In both samples, we estimated unadjusted odds ratios for the effect of race on MDD within 24 subgroups defined by sex, age, and education. In both datasets, the smallest subgroup was men aged 18-29 with less than a high school education (NESARC n = 297; NCS-R/NSAL n = 158) and the largest subgroup was women aged 30-44 with greater than a high school education (NESARC n = 3,326; NCS-R/NSAL n = 1,228). We then tested for multiplicative interactions between race and sex, age, and education in three separate models predicting lifetime MDD, adjusting for sex, age, and education in all models. Analyses were weighted to the 2000 census and we used SAS-callable SUDAAN to adjust standard errors for the complex sample design.
Results
Descriptive results of NESARC data
Blacks in the sample were on average younger, had fewer years of completed education, and the Black sample included a higher proportion of women (see Table 1 ). Not shown, US-born Blacks overall had lower odds of both lifetime and pastyear MDD than Whites [Lifetime MDD odds ratio (OR) = 0.60, 95 % confidence interval (CI) 0.53, 0.67; pastyear MDD OR = 0.82, 95 % CI 0.70, 0.97].
Is there subgroup variation in the Black-White odds ratios for lifetime MDD? Figure 1 shows the odds ratios for the race difference in lifetime MDD within each of the 24 strata. Blacks had lower odds compared to Whites in 21 of the 24 subgroup comparisons, ranging from 0.13 to 0.94 and 10 of these were statistically significant. None of the three comparisons in which Blacks had higher odds than Whites, which ranged from 1.03 to 1.98, was statistically significant.
Is there subgroup variation in the Black-White odds ratios for past 12-month MDD? We conducted secondary analyses with past 12-month MDD as the outcome (Fig. 2) . Blacks had lower odds than Whites in 18 of 24 subgroups, ranging from 0.26 to 0.99, and four of these were statistically significant. Of the six comparisons in which Blacks had higher odds than Whites, which ranged from 1.12 to 3.46, none was statistically significant.
Tests of interaction in NESARC data
Do age, education, or sex function differently between Blacks and Whites as predictors of MDD? Relationships between race and lifetime MDD varied across levels of both age and education in our data. Regarding the race and age interaction, Black-White odds ratios tended to follow a U-shaped pattern across age quartiles, with the greatest protective effects for Blacks in the two middle quartiles (ages 30-64) (Wald F df = 3 = 4.33, P = 0.01). With respect to race and education, Black men and women with beyond a high school diploma had statistically significantly lower odds than Whites of lifetime MDD in three of the four age groups. These robustly lower odds for Blacks were not seen in the two lower education tertiles, indicating that Blacks were most strongly protected against major depression at higher education levels (Wald F df=2 = 3.10, P = 0.05). The race 9 sex interaction term was non-significant (P = 0.89). We did not have sufficient power to test for interaction in models predicting 12-month MDD.
Descriptive results of replication analysis
We replicated theses analyses in the combined NCS-R/ NSAL dataset. The relevant table and figure, which follow the same template as we use for the NESARC results reported here, can be found in the on-line version of this article (Online Table 1 , Online Fig. 1 ). Blacks overall had lower odds of both lifetime and past-year MDD than Whites (Lifetime MDD OR = 0.55, 95 % CI 0.49, 0.62; past-year MDD OR = 0.80, 95 % CI 0.69, 0.93). For lifetime MDD, Blacks had lower odds than Whites in 23 of 24 subgroups, ranging from 0.06 to 0.91, and 11 of these comparisons were statistically significant. We had insufficient power to complete these same analyses using past 12-month MDD as the outcome.
Tests of interaction in replication analysis
As with the NESARC dataset, the relationship between race and lifetime MDD varied across age categories. However, unlike the U-shaped pattern seen in the NES-ARC data, in the replication dataset, the greatest protection for Blacks with respect to lifetime MDD appeared in the three older age groups (ages 30 and older). The test of multiplicative interaction was statistically significant (Wald F df=3 = 2.99, P = 0.03). No patterns in the 48:1941-1949 1945 replication results suggested interaction between race and education and race and sex, and our tests for multiplicative interaction bore this out (race 9 education: Wald F df=2 = 0.39, P = 0.68; race 9 sex: Wald F df=1 = 0.00, P = 0.99).
Discussion
We found little evidence for subgroup variation in the race difference in major depression across the critical axes of sex, age, and education. Of 24 subgroup comparisons for lifetime MDD outcomes, Blacks had lower odds than Whites in 21 and 10 of these differences were statistically significant. None of the three subgroup comparisons in which Blacks had higher odds of MDD than Whites was significant. Our 12-month MDD results were consistent with the lifetime MDD findings. The little evidence for subgroup variation that we did find indicated that Blacks' lower odds of lifetime MDD were most pronounced in the middle two age quartiles and in the highest education tertile. Our findings for both lifetime and 12-month MDD did not change when we conducted these same analyses using risk differences and risk ratios as our measures of association (results not shown). We replicated these analyses using pooled US-born Black and US-born White samples from the NCS-R and NSAL studies. Our replication results did not meaningfully differ; in all but one subgroup, Blacks had lower odds of MDD than Whites, and all statistically significant differences were in comparisons in which Blacks had lower odds than Whites of MDD. Thus, our combined results from the NESARC and NCS-R/NSAL studies are compelling evidence that the paradox of Blacks' lower odds than Whites of lifetime and 30-day MDD occurs across subgroups defined by the key demographic axes of sex, age, and education.
To our knowledge, only two previous studies using national samples have examined MDD prevalence in Black-White subgroups. Blazer et al. [1] compared Blacks and Whites on lifetime and past 30-day MDD in subgroups created by cross-tabulating age and sex using data from the National Comorbidity Study. In the resulting 16 subgroup comparisons, Blacks had a lower prevalence of MDD in 14. The statistical significance of these differences was not reported. More recently, Williams et al. [4] reported lower lifetime unadjusted prevalence of MDD in African-Americans relative to Whites across a range of demographic characteristics in the NSAL. These strata were not crosstabulated and the statistical significance of the prevalence differences was not reported. Thus, whether stratifying on one, two, or, as we have here, three key social axes, and doing so in different datasets, the lower odds of MDD in Blacks compared with Whites is remarkably stable.
These results have important implications for hypotheses to explain the Black-White depression paradox. Specifically, in light of the findings from our study, a plausible hypothesis must posit a mechanism that mitigates the effects of Blacks' presumed greater stressor exposure for all subgroups defined by age, sex, and education. To date, a range of methodological and substantive hypotheses has been proposed to account for the Black-White depression paradox [15, [18] [19] [20] . We discuss a sample of the more prominent hypotheses.
The selection bias hypothesis posits [15, [28] [29] [30] that the noninstitutionalized household samples on which the large psychiatric epidemiology studies are based exclude segments of the population in which Blacks are overrepresented and in which psychiatric morbidity, including depression, is more prevalent. Household noninstitutionalized sampling by definition excludes the incarcerated, those living on military bases, and the homeless. On the whole, young Black men are more likely than Black women or elderly Blacks to be in these excluded groups [28, 30] . If the selection bias is operative, we should see the strongest inverse relation between race and depression comparing young Black men to young White men. In fact, in our analysis of the NESARC data, we found the strongest inverse relation between race and depression among those in middle age and those who were more educated, which is inconsistent with the selection bias hypothesis as it has been described in the literature. Therefore, we conclude that our data do not lend support to the selection bias hypothesis.
Two types of measurement bias have been offered as potential explanations for the lower prevalence of depression in Blacks. First, evidence suggests clinicians are more likely to diagnose Blacks with a psychotic spectrum disorder and Whites with a depressive disorder, when both have the same symptom profile [50, 51] . Second, diagnostic nosology might more efficiently capture symptom presentations of depression in Whites than in Blacks [19, [52] [53] [54] . Although depressed Blacks may be misdiagnosed with a psychotic spectrum disorder more frequently than depressed Whites, this measurement error is unlikely to explain a meaningful portion of the Black-White MDD prevalence difference given the rarity of psychotic spectrum disorders compared with MDD [55] . Likewise, a study of differential item functioning between Blacks and Whites in the diagnostic interview for MDD revealed differences at the item level that, as a whole, made little change in the prevalence of MDD in either group [14] . Nevertheless, measurement error can take many additional forms, and consequently, there is need for further work in this area.
Recently, Jackson et al. [21, 23, 56] have found support for their substantive hypothesis that engagement in unhealthy eating and substance use behaviors in the face of life stressors is more protective against major depression in Blacks than in Whites. This is an elegant proposal because it simultaneously attempts to account for the better stressrelated mental health and worse physical health outcomes in Blacks compared with Whites in the US. Our recent [22] test of the hypothesis using NESARC data failed to support this hypothesis, however. This study found that engaging in unhealthy behaviors was not protective against MDD in either Blacks or Whites, both in general and at different levels of stressor exposure. Moreover, Jackson et al.'s hypothesis is contradicted by the reliable findings in epidemiology that high BMI and substance use disorders are comorbid with major depression in Blacks and in Whites [22, 43, 57, 58] and that Blacks are less likely than Whites to have nicotine, alcohol, or other substance use disorders [55, 59] and more likely to be lifetime abstainers [22, 60, 61] .
Finally, it has been argued that religiosity, racial socialization, and high self-esteem, each of which is known to be protective against depression as well as more prevalent in Blacks than in Whites may explain the BlackWhite depression paradox [2, 4, 15, 62, 63] . However, to date, the extent to which these factors explain the lower prevalence of MDD in Blacks compared with Whites has not been adequately tested. We posit that formal hypotheses regarding these factors would need to indicate uniform effects across subgroups to be consistent with the findings we report here.
Notably, we found that lower odds of MDD in Blacks compared with Whites were particularly pronounced in the second and third age quartiles (ages 30 to 64), controlling for sex and education in the NESARC data. Those aged 30 to 64 at the time NESARC was conducted were born between 1937 and 1971 and one could argue that, on balance, Blacks born during these years in the US, compared with those born before and after, experienced more pronounced civil rights' expansions and improving economic opportunities both while coming of age and during working years [64, 65] -environmental factors plausibly protective against major depression. The potential for cohort effects on depression that would have mechanisms specific to Blacks in the US is, to our knowledge, an under-examined research question; a more comprehensive understanding of cohort-level processes that might protect Blacks from depression may be a fruitful area to understand the macrolevel social context and its effects on mental health [66] . A related topic also in need of greater scrutiny is age-of-onset differences in major depression between Blacks and Whites. Breslau et al. [2] showed that Black-White differences in mood disorder prevalence did not vary across early and late ages of onset, suggesting, they argue, protective factors in Blacks that start early in life. Testing for age of onset differences for MDD more specifically could likewise illuminate potential explanations for the paradox.
Limitations of these analyses should be noted. All diagnoses of major depression were based on self-reported diagnostic information and therefore lack external validation. This may have led to some misclassification of the outcome, which could be differential or non-differential with respect to race. To the extent misclassification of major depression is non-differential by race, our results would be biased to the null. In this case, the paradox would be even greater than the NESARC and replication data suggested. Potential misclassification that is differential by race should be considered in further studies. The purpose of our study was to provide a clearer roadmap for developing hypotheses to explain the paradoxical finding across psychiatric epidemiology studies that Blacks have a lower prevalence of major depression than Whites. Accordingly, by not minimizing possible biases in the NESARC or NCS-R/NSAL studies, we hope to expose pathways by which these biases may actually be operating.
In this study, we provide the foundation for future hypotheses attempting to explain the consistent finding in psychiatric epidemiology studies in the US of a lower prevalence of major depression in Blacks compared to Whites. We found across two of the largest psychiatric epidemiologic surveys conducted to date that subgroup results are mostly concordant with the overall finding and never statistically significantly discordant with it. We considered the selection bias hypothesis-that depression in Blacks is undercounted in studies using household samples-in light of our findings and ruled it out specifically because it postulates a bias far more operant in some subgroups than others. Future proposals to explicate the finding of lower levels of depression in Blacks compared to Whites need to offer global mechanisms that operate more or less consistently across the socio-economic subgroups we define in our study.
